Abstract To find out whether segmental magnetic resonance imaging (MRI) findings such as intervertebral disc degeneration (DD) and facet joint osteoarthritis (FJO) are associated with motion deficiencies as seen in common mobility tests and observed range of motion (ROM). A total of 112 female subjects, nurses and office workers, with and without low back pain, were examined by clinical experts, and lumbar mobility was measured including modified Schober, fingertip-to-floor distance (FTFD) and ZEBRIS motion analysis. An MRI of the lumbar spine was made. Mobility findings were correlated with segmental morphologic changes as seen on MRI at the levels of L1-2 through L5-S1. Only a few statistically significant correlations between MRI findings and the results of the mobility tests could be found. Lateral bending was weakly and negatively correlated to DD and FJO but only on the level of L5-S1. The FTFD showed a weak positive correlation to endplate changes on the level of L4-5. When ROM is observed by clinical experts, there are several significant relationships between MRI findings and the observed motion. There is a highly significant segmental correlation between DD and disc form alteration as seen on MRI on the level of single motion segments. Pain history and current pain level did not moderate any association between MRI and mobility. There is no clear relationship between the structural changes represented by MRI and the measured mobility tests used in this study. Our findings suggest that close observation of spinal motion may provide at least equal information about the influence of spinal structures on motion than the commonly used measured mobility tests do.
Introduction
Mobility tests are widely used when examining patients with low back disorders. The literature describes different methods on how to measure the lumbar range of motion (ROM). Techniques reach from an easy-to-do fingertip-to-floor distance (FTFD) test to various inclinometer methods and highly invasive measurements with pedicle screws [23, 25, 26] . The more practical, non-invasive and low cost tests, such as the modified Schober, are widely used in medical examinations and have received a large amount of scientific attention. Studies with more sophisticated (due to technical equipment) expensive or invasive measuring devices have provided detailed information about the lumbar ROM in chronic low back pain patients [9, 26] , but have few participants and are hardly applicable to everyday clinical practice.
With the development of magnetic resonance imaging (MRI), non-invasive imaging methods became available and are intensively used in various medical specialities. The MRI scan is often part of examination procedures in the field of the low back pain, especially if neural compromise is present. Many findings from MRI are common in both the low back pain patient and the asymptomatic patient [22] . Of these common findings, some may have an influence on the motion characteristics, as has been found in cadaver studies.
These investigations have demonstrated reduced intervertebral motions in degenerated lumbar spines [17, 32, 45] . They found that with moderate disc degeneration (DD) and facet joint osteoarthritis (FJO) the ROM is increased, whereas with severe degenerative structures the ROM is decreased. If degenerative structural changes can influence motion characteristics in cadavers, they may have an influence on the mobility tests. Nevertheless, these findings cannot be transferred directly into the clinical situation.
Therefore, it was the purpose of this study to explore the effect of common lumbar MRI findings on commonly used mobility tests.
Material and methods
The study was performed within the European Project Neuromuscular Assessment in the Elderly Worker (NEW).
Subject selection
The study population was selected with respect to different occupational exposures, i.e. physically monotonous work for office workers and physically heavy work for nurses. Inclusion criteria were a workload of a minimum of 20 h per week, having similar working tasks for the past 5 years and age between 45 and 65 years.
Within the NEW project, participants were divided into a case and a control group. The cases had reported pain in the low back for more than 7 days during the last year and had trouble from no more than two other body regions.
Controls were defined as subjects who did not report aches or discomfort in the low back for more than 7 days during the last year and had no trouble in more than two other body regions.
Exclusion criteria were neurological deficits, spinal cord compression, severe structural deformity, osteoporosis, instability, acute fractures or infections, severe cardiovascular, respiratory, autoimmune or metabolic disease, cancer or previous spinal surgery.
A total of 114 female subjects met the inclusion criteria for either the case or the control group and were given a detailed questionnaire about working posture characteristics and musculoskeletal disorders. Two subjects were excluded at a later stage of the study as they refused to have an MRI scan. Finally, a total of 112 subjects gave an informed consent and participated in the study: 59 nurses and 53 office workers. The case group consisted of 26 nurses and 18 office workers. These groups had very similar anthropometric data. The mean age was 53 years, the average height was 164.7 cm, the average weight was 66.4 kg and the mean BMI was 24.5 kg/m 2 .
Testing procedure
The participants underwent three mobility tests: the modified Schober test, the FTFD in the sagittal plane, the lateral bending and the ZEBRIS motion analysis. These were conducted and measured by a trained physiotherapist. A physical examination was executed by one of the two experienced rheumatologists involved in the study at the Institute of Physical Medicine at the University Hospital. Each subject received an MRI scan of the lumbar spine at the Orthopaedic University Hospital that was read by an experienced radiologist. The physiotherapist and the rheumatologists were naive with respect to the results of pain reporting, profession and MRI findings; the radiologist was blinded to all other results.
Modified Schober test, fingertip-to-floor distance, lateral bending manoeuvre (LB)
The modified Schober and the FTFD were described previously [4, 15, 19, 27, 31, 39] . For the LB, the participants were told to slowly bend from the upright position to the side with their hand running down a vertical ruler. Attention was paid that this motion was done without rotating the trunk or moving the pelvis. The distance from the fingertip to the floor was measured in standing and in full lateral bending (see Fig. 1 ). The latter measurement was subtracted from the first and noted. Each side was measured twice and the mean was calculated.
ZEBRIS
The ZEBRIS motion analysis (CMS20S, zebris Ò Medizintechnik, Tü bingen, Germany) is a recording unit with ultrasound transmitters and receivers. The transmitters are taped to the skin and send sound pulses at 20 Hz. Three receivers, placed about 1 m behind the participant, pick up the pulses and transmit the information to a computer. There, the threedimensional movement of each transmitter is calculated and plotted. Eight transmitters were placed on the subjects' back (see Fig. 2 ). The subjects were asked to do five warm-up side bending, flexion and extension movements. Then the subjects were instructed to bend to the side in a continuous motion as far as possible, with their hands running down the lateral aspect of their thigh. The subjects were instructed to bend forward as far as possible with the knees completely extended for the flexion-extension movements, then return to the neutral position and continue into extension as far as possible before returning to the neutral position again. After a set containing three of these motion sequences, the patient was allowed to rest for 30 s. A total of three sets were analysed. The entire sequence was measured by the ZEBRIS unit and recorded in the WinData program (zebris Ò Medizintechnik, Tü bingen, Germany). The collected data included change of angles, distances and velocity of the markers during the performance of motion.
Hereinafter, the data were cleaned from abnormal recordings, and missing values on the curve were interpolated. Figure 3 shows the resulting curves.
For the purpose of this study only the distance from marker 3 to 8 was measured in the erect position and in the fully flexed position. Because there is no objective definition of the upright position during lateral bending motion, the total range, and not the individual side, was measured in degrees.
To accommodate a few missing measurements due to technical reasons, the mean of all correct measurements was calculated and used for the analysis.
Expert observation of posture and ROM
Expert observation was performed by two clinicians specialized in musculoskeletal disorders, with more than 10 years of experience. They reached consent about the classification of findings (''normal'' and ''out of normal'' respectively ''restricted'' and ''not restricted'') and underwent a short training at the beginning and at the mid of the inclusion period. Flexion and extension, as well as lateral flexion left and right, were observed closely. Restrictions were noted when the lumbar spine motion was limited or when compensatory mechanisms (i.e., hip flexion, torso rotation) influenced the pure motion. The cutoff ranges for restriction were set at 60°for flexion, 25°for extension and 30°for lateral flexion.
Furthermore, the occurrence of a hyperlordosis, a reduced lordosis, or a decompensated scoliosis (plumb line from C7 > 0.5 cm off the rima ani) was noted on the inspection of the participants back in the standing position.
Magnetic resonance imaging
Each subject received a T1-and T2-weighted MRI scan of the lumbar spine. MRIs of the lumbar spine were acquired on either a 1.0 T Siemens Expert or a 1.5 T Siemens Symphony magnet (Siemens Medical Solutions, Erlangen, Germany). Sagittal T1-and T2-weighted and an axial T2-weighted image was obtained. For the T1-weighted spin-echo sequence, the parameters were as follows: repetition time 500-600 ms, echo time 15 ms. The corresponding parameters for the T2-weighted turbo spin-echo sequence were 4000/96 (Expert) and 5000/122 (Symphony). A staff radiologist with a 17-year experience in MRI of the spine evaluated the MRIs . He was blinded to the results of the physical examination. Each spinal motion segment was evaluated according to Weishaupt [47] with regard to DD, abnormal disk form, nerve root compromise, high intensity zones (HIZ) within the dorsal annulus fibrosus, endplate changes and FJO. The interobserver reliability (kappa value) for grading DD is 0.84, for the disc form 0.79, for the nerve root compromise 0.58, for the FJO 0.50 and for the high intensity zone 0.91. Similar to the standard protocol used at one of our institutions, the axial images were obtained at the L3-4, L4-5 and L5-S1 levels. If the technician detected abnormalities at the L1/2 or L2/3 levels on the sagittal T2-weighted images, axial images were obtained at the abnormal levels as well. At L1-2 there were only images of four participants available and at L2-3 only 23 images were available. Therefore, a representative evaluation at these levels for nerve root compromise was not possible. If the degree of FJO on the right and left sides at the one level was identical, that score was included in the overview. If the degree differed from left to right, the larger of the two scores was included. The evaluation of the HIZ identified very few abnormal segments. For the purpose of statistical analysis, these numbers were too small to form meaningful groups and were therefore omitted. Of the 1,120 endplates evaluated, there were only 52 superior (4.6%) and 41 (3.7%) inferior endplates found to be changed according to Modic [34] . If at a single disc level, more than one Modic type was found, the most extensive abnormality was reported.
Personal characteristics and pain
The questionnaire was filled out by each participant and included questions about height and weight, as well as a visual analogue scale (VAS), in which participants filled in their subjective pain sensation of the low back.
Statistical analysis
The Spearman correlation coefficient was used for comparing MRI findings and the mobility test, whereas Fisher's exact test was used for comparing MRI findings with observed motion. The Spearman correlation coefficient was used to compare the different MRI findings amongst each other at each level. In order to elucidate possible effects of pain and the clinical assessors on the results of the mobility tests, the general linear model (GLM) procedure was performed.
Results

Mobility test
The results from the mobility tests for the case and the control groups are shown in Table 1 . Student's t test revealed no statistically significant differences between performances of the two groups.
Expert observation of posture and ROM Sixteen participants were found to have a hyperlordosis in the physical examination, 67 had a reduced lordosis and 18 had a decompensated scoliosis. Table 2 shows the results of the observed ROM.
Magnetic resonance imaging
The MRIs of the lumbar motion segments were evaluated for DD, disc form, nerve root compromise, FJO, HIZ and endplate changes. The results are shown in Table 3 . The two groups did not show any statistical differences with respect to MRI findings. Details were reported elsewhere [42] .
Due to the missing differences between cases and controls with respect to mobility tests, clinical observation and MRI findings, we abandoned this division into two groups based on the conditions of the NEW study, and conducted an exploratory analysis in our cohort of working women over 45 years as a whole.
Comparing different segmental MRI criteria
As demonstrated in Table 4 , we found highly significant correlations between DD and disc form at all levels. The correlation of DD and FJO was also significant at L1-2, at L2-3 and L4-5. Disc form and FJO correlated significantly at L1-2 and L4-5, and to a lesser extent also at L2-3. Comparing MRI findings and mobility test
The upper lumbar levels, L1-2 to L3-4 had similar findings in the MRIs as did the lower levels with L4-5 having the most degenerative findings overall. As can be expected from an explorative analysis of multiple tests, there will be significant findings by pure chance.
To minimize the effect of incidental findings, significance was considered as P £ 0.01. Table 5 demonstrates the relationship between the MRI findings at the lumbar levels from L1 to S1 and the mobility tests. Only occasional statistically significant correlations between MRI findings and the results of the mobility tests could be found. Lateral bending was weakly and negatively correlated to DD and FJO but only on the level of L5-S1. The FTFD showed a weak positive correlation to endplate changes on the level of L4-5. The flexion measured by ZEBRIS showed an isolated statistically significant result with the disc form at L3-4.
Expert observation of posture and ROM
The comparison between the MRI findings and the expert observation revealed several statistically significant relationships.
Observed restriction in flexion was seen with DD at L3-4 (P = 0.008) An abnormal disk form at L1-2 and L2-3 showed a significant relationship with observed reduced lateral flexion to the right (P = 0.002 and 0.003, respectively), however not to the left. At the level L2-3, a reduction of observed flexion was seen in FJO (P = 0.002) and a reduction of observed extension was seen with endplate changes (P = 0.002). There was a statistically significant relationship between DD of L5-S1 and decompensated scoliosis (P = 0.007). And the observation of a decompensated scoliosis and FJO of L2-3 nearly showed statistically significant correlation (P = 0.017).
Personal characteristics, pain and assessor
We found no correlation between age, height and weight of the subjects with the MRI findings, the mobility tests or the observed ROM in our cohort.
Neither pain history (case and controls, Table 1 ) nor the actual pain reporting (VAS reported during the mobility tests) correlated with the results of the mobility tests.
The GLM procedure neither showed any statistically significant association between actual pain nor the assessor and the results of the mobility tests. The F values noted between 0.01 (interaction between pain, assessor and lateral bending) and 1.36 (interaction between assessor and Schober). This makes an influence of pain and assessor on the results of the mobility tests unlikely.
Discussion
It was the main purpose of this study to determine the relationship between spinal structures as seen on MRI and mobility tests.
There are several factors that influence spinal ROM. Some studies found gender, age, height, obesity and sitting-to-standing ratio to affect ROM [1, 3, 10, 14, 29, 35] , while others could not find any correlation between [11, 24, 29, 30] . ROM is not only affected by anthropometric data but also affected by factors such as pain [11, 29, 30] , motivation [7] , time of day [11] and sport [5] . Furthermore, from cadaver studies we have learned that motion of the spine is increased to a certain degree of degeneration and decreased beyond that [17, 33, 36, 45] . Ultimately, most of these factors influence the anatomical structures on which motion is dependent. These are the intervertebral disk, the endplates, the facet joints, the joint capsules, the ligaments, the muscles and the soft tissue. Naturally, of the factors mentioned above, only those that can be evaluated on MRI were addressed in this study. The segmental distribution of the degenerative findings as seen on MRI in our study is comparable to what has been published previously [16, 22, 46, 47] . In general, the two lowest discs show the greatest proportion of degenerated changes in the lumbar spine. The highly significant correlation between the grade of DD and disc form has been published previously [8] and is supported by our data. Normal or bulging discs seldom show advanced degenerative changes while pro-and extruding disc forms were seen more commonly in degenerative discs. Mechanical stress over years may alter the synthesis of matrix protein [40] . This leads to structural changes as we see in DD and weakened or torn fibers as in disc pro-/extrusion. The reason why we could not find a correlation between degeneration and age may be explained by the relatively small age span of our cohort of working women aged 45-63. In this age group, the proportion of degenerative changes is relatively steady [8] .
Mobility tests
The modified Schober is one of the most widely used and accepted methods to measure lumbar spinal ROM. Several studies report varying reliability from low [4, 21, 32, 41] to high [14, 20, 28, 31, 44] . Within our study, we did not find any statistically significant correlation between the modified Schober test and MRI findings. Clinical studies have found the reliability of the FTFD ranging from low [31] to high [4, 15, 19, 39] . In our study, the relationship between structural changes of the lumbar spine and the FTFD was only weakly correlated to endplate changes on level L4-5. This may be explained by the fact that the FTFD neither differentiates the movement of the hip from that of the lumbar spine nor does it take into consideration different arm or leg lengths, which may compensate for reduced segmental motion in the low back.
Although lateral bending manoeuvre showed occasional correlation to DD and FJO on the lower lumbar level, lateral bending represents a global assessment of motion, too, and the restrictions on the lateral lumbar spine motion by structural alterations may be too small to influence these measurements.
In order to obtain more specific information on local mobility, the ZEBRIS motion system was used. This system uses ultrasound receivers that are taped to the skin over each lumbar spinal process to record the motion of the spine. Previous studies found no correlation [43] in functional radiographs of the lumbar spine and the ZEBRIS motion analysis. Skin elasticity and varying soft tissue thickness may have lead to some errors in the placement of the transmitters. The tapes used to attach the transmitters to the skin sometimes lay so close to each other that the sticking together of the transmitters could not always be prevented. In an effort to reduce measurement errors, only the change in the distance between the reference transmitter nr. 3 (between spinous process of S2 and S3) and transmitter nr. 8 (L1-2) was considered in our study. The analysis of correlation between the mobility measured by the ZEBRIS system and the MRI findings showed only scattered results.
Although occasional statistically significant correlations between MRI findings and the results of the mobility tests could be found in our study, these correlations are limited to the lower lumbar segments and very weak. Therefore, they are considered to be beyond clinical relevance.
In a review of low back measurements, a considerable lack of information about the reproducibility of functional tests was found [12] . The authors recommend the use only on groups, but found it not to be applicable when single measurements are compared. This conclusion is supported by our data. The validity of the mobility tests with respect to segmental spinal degeneration has to be questioned.
Expert observation of posture and ROM
We found several significant relationships between the ROM that was observed by clinical experts and the MRI results. We found observed lateral flexion to the right to be reduced with an abnormal disc form at the level of L2-3. Cadaver [37, 48] and in vivo [38] studies found the greatest motion of lateral bending to occur at the level L2-3. Any observable reduction in lateral flexion should be most obvious at this level. The fact that we had a significant finding only to the right side, however, may be explained by the influence of the dominant right side most people have. FJO at the level of L2-3 showed a significant relationship to observed reduced flexion and to a lesser extent also to observed reduced extension. This relationship was also seen in cadaver studies [17, 45] and functional radiographs [18] . FJO seems to decrease lumbar motion, but this limitation can only be clinically detected by close observation and only in the upper lumbar spine. We found a significant relationship of observed restriction in extension and endplate changes of L2-3. Since the intervertebral disc in the adult is avascular, the cartilaginous endplate supplies the disc with nutrients by diffusion. Increasing calcification of the endplates reduces permeability, which eventually may lead to the dehydration of the disc [13] and could explain restricted motion. Yet it remains unclear why these changes should only affect extension and why this effect is not seen with DD. The observation of a decompensated scoliosis showed some correlation to the finding of highly degenerated intervertebral disks at L5-S1 and FJO at L2-3. Altered weight bearing forces in scoliosis put increased stress on the spinal structures, leading to abnormal calcification of the endplate, reducing its permeability and decreasing nutrient supply to the disc [2] .
There is only one previous study comparing MRI findings with the clinical performance [6] . They looked at the sagittal flexibility of 214 men ranging from 35 to 69 years measured with the flexicurve technique. The MRIs were evaluated for the disc height, disc bulging, signal intensity and presence of osteophyte formation. No attention was paid to the facet joints. The authors found age (20%), disc height (7%), weight (3%) and frequency of low back pain (1%) to predict a total of 31% of the variance in flexibility. The differences in age compared to our study may explain why in their study age was more likely to play a substantial role in flexibility compared to our study. The disc height was evaluated by comparing the disc in question with the disc above. The scores for each disc were then averaged over the upper (T12-L4) and lower (L4-S1) lumbar regions. Despite the relatively small difference in analysis, we cannot support this finding.
Methodical considerations
The NEW study was designed as a case-control study including subjects with and without a history of low back pain working as nurses or secretaries [24] . With respect to the relatively small numbers in the single groups, we decided to merge the groups into one cohort and perform a further exploratory analysis. This may lead to methodical concerns. Nevertheless, the initial groups did not differ concerning mobility tests, clinical and MRI findings and a possible interaction between pain and the result of the mobility test could be excluded.
The effect of low back pain causing decreased flexibility was often attributed to two factors, one being a fear of pain, the other being a behavioural response resulting in tissue adaptation. In our cohort, flexibility was neither influenced by actual pain nor by the pain history. With respect to the central research question, elderly working women were selected and we did not include any acute, relief-seeking patient or patients with chronic disabling pain.
Clinical examinations were conducted by one of the two clinical experts. Clinical expert observation is generally considered to have a low inter-examiner reliability. Therefore, the results concerning clinical examinations should always be treated with some caution. The two examiners involved in this study have been working together for several years and had consensus training on their examination criteria at the beginning and once again during the course of the study and they had been blinded with respect to pain reporting, profession and MRI findings. Despite this efforts to optimize the result, we do not consider it as a systematic approach but as a qualitative comparison to the measured tests. However, this limitation did not interfere with the main purpose of the study.
Neither actual pain, pain history nor age did change any association between MRI findings and mobility in our cohort.
Conclusion
Among the several factors influencing ROM, we looked at the effect of common MRI findings on mobility tests of the lumbar spine. Even though MRI reflects the morphologic alteration of structures that are reported to influence motion in cadavers, there is just a weak relationship between structural changes and the applied mobility tests. More sophisticated mobility tests, such as the ZEBRIS system, do not provide more information than commonly used mobility tests. Furthermore, our findings suggest that clinical observation of spinal motion may provide at least equal information about the influence of spinal structures on motion than the commonly used measured mobility tests do. This may be most likely because the trained eye of an experienced examiner is more sensitive to a regionally reduced motion of the lumbar spine than measurements that are dependent on other factors such as skin elasticity and functionality of other body regions.
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